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1 
Thi invention relates to the maling0f ph0s- 
ph0rs for productïon of fluorescent !ight. 
Phosphors, as a general rule, havebeen rnade 
by heating the proper rnixture of cbmp0unds, ih- 
ClUding the activators, in a fm'nace and then 
cooling and grinding to thedesired statëof fine- 
ness for application to the phosph0f base. 
It bas herétoforé been round that a phosph0r 
may be ruade by Simultane0usly evaporating iZinc 
fiuoride andrnanganese. ctivator"in thes'ame 
rucible and c0ndeiisiïg. their Vapors On a suit- 
able body. This-is satisfactory for zinc flu0ride 
and mangandsé activa.or: aS. tiïey havê about the 
sïme voIRti]iy-and tle method provides 'good 
Ctivation. We have, however since round that, 
for many phospiïo rnaeiall eitler withor with- 
Out f0_r.eig n actiaors this. nethod-wiÏl not pro- 
duce " a suitabe phosph0r, .ether because tey have 
too great a difference in volatility or a separate 
method of activati0n is çeqtied. " 
It is an obj_ec t of .out  inventi.0 n to. p:ovide a 
method.,of rnaking a highly efficient phosphor o 
a material or materials, with or-without.foreign 
a.ctiators , Sorné or a!Ï of which have widely dif- 
ferent..volatility. 
It is a furher ?bjec t of ouz invention fo provide 
a method of making a phosphor of sulphides and 
Sulphoselenides of cadmium and zinc With or 
withou silver or copper activators.. 
0ther 0bjects o 0ur inv.ention will appear in 
the following description, reference bèing had to 
th e drawing, in which; 
Fig. 1 isa section throughlthe evaporating and 
cod'ensing apparatus' for carrying out.our in- 
vention. 
Fig. 2 is a section through a f.urnace.ïor activa- 
tion of thëphosphor. 
Our inventionrnay be used with various  phos- 
phor mnaterials, but we have round itparticuÏarly 
satisfactory for zinc._and cadrnium sulphide and 
zinc sulphoselenide» either with or without foreign 
activators such as silver or copper. In carrying 
out our process, a Pyrex glass disc | coilstituting 
the base for the phosPhor is placed on a suitable 
t:and 2 n the vacuum chmber, cmpriSiiig a 
bell 3 resting on a base 4 with alet  S tdmake 
an airtight joint. Adjcènt  thedisc-|, say be- 
neath _it, are placed as .rnany ' crucibles- as are 
needed, for carrying out the Pr0cess.. We: have 
shown three of these, namely ,  and $, which 
may be Platinum tubes with closed bottorns and 
open tops, containing the materials to be evapo- 
rated] For heating these crucibles it is conven- 
ient to connect olm erminars'of the heating 
system-to one end of the tune Crucibles and leals 
 ! 0 1 f- arid' i  from, the :othè.teminaI é bbn - 

2 
neCted to the opp0site end Of the tUbe: Thee 
iead maY include rheostats 14/ I S and 
nutaetes |, | and 9;So that properurrént 
may be Sent through thethin tubes t0  héatthèm 
5 to the desired temperature for vaprizing the 
conten iide the tube. To produce zinc sul- 
phdselenide a proper vacuum would be m:htifiëd 
bY oecting the pipe 2. to a suitablepump Rnd 
thé rhstats Would bë àdjted to vaporizë; say, 
lO zc sulphide in crucible U/Zinc seledë in.ccible 
 .Rnd Cpper sulphfdd in Crible 8. 
e simultane0Us depbsiti-of the vafi0ùs 
cotituenare cofitf011ed in the foll0wing Rn- 
ner: A Sepafate evR0ratn is ruade flore dCh 
15 crucible (6,  and ) upoRPyreX test Scs a c- 
cratëly known taflces an eaing cfiffeRts 
fr kfiwn lêngths 0f timê and the fefilt 
Posi on the test dics eighby eaof' a 
icro-balance. Ff0m thé, the rRtës of èwPbra- 
20 tbRof the coteRts are deterned and the 
reIative rates of simfiltaned dePositiofi f0r"the 
final posph0r SYthesis ma beflxêd' bY adjdSt- 
ingWi spacers 2  the distances (aCcofdg  he 
inwrse square ]aw) of thê diffërënt crCiles 
25  and8 rom the Yex disc  afld hëating èach 
at its predetermined current. 
e vapors from the three matérï bofldëSe 
oR the Under side of he Pyrex disc  afld 
proper hickness can be debmined by obSelg 
30 the Col0red rings roduced by liht ifitCfërence 
phenomena. It has heret0fore bëên Shed 
that heating the Rctivar t0 ïvap0iZï ëm- 
peate and cofidensg it with the 'h0h0r 
matèrial W scient.for activation 
35 butwe haVè foundthat ts is hot the casewith 
these phosphors. T0 mke n ecient phosph0r 
out of the condeed mRterials, tf is necessaryto 
sepratelY activate them. 
To Rccomplh the activation of the cofided 
40 materia, we take two discs that have been tëted 
by the process above outlined and ;pIce  them 
almost toether, withthecondeed mateials on 
the iide. Wehave found.that" a stablê sepa- 
ration is the thickness df:the usual microsCOpe 
45 cover glas.. ese tw-discs;, asthus ssem16d, 
are placed on suitable supports 2.2 inside:anFde- 
sired, type of fugace» .Such .as a tube -2 haig 
a heati coiI24 andeRds 2; 6.  With the 
ing coil arranged with the: phosphor-deposlted 
50 layer facing each .otheriR the Way êsCribed, 
there is no attempt t0 eYcUate the oven.:fid 
atmospheric air may be left-thërein. Oneof. the 
ends may bave a temperàteindicati, ng:deYice 
2]# such as a - therm0douple. e  Oven:- heaed 
55 : a: tdpeatre o ffm: :00  : 650  0ap- 
pr-oxitelyoné,hbUr. .  



If no copper or sflver activator is tobe used in 
thephosphor and activation is solely to be pro- 
duced by what free zinc is dissociated from the 
selenides or sulphides, then the zinc sulphide and 
zinc selenide alone wfll be heated to condense 
their vapors on the Pyrex disc I. 
If a phosphor of zinc cadrnium sulphide with a, 
say, sflver activator is to be produced, the zinc 
sulphide would be placed in, say, crucible 6, cad- 
mium sulphide in crucible 7 and a silver salt in 
crucible 8 at the proper relative distances and 
simultaneously heated at predetermined currents, 
as previously described. After these materials 
have been condensed on the discs, they are placed 
in the oven in the way already described and acti- 
vated by heating to the temperature mentioned. 
If zinc cadmium sulphide is tobe used without a 
foreign activator, then no activator would be 
placed in a crucible, such as 8, and the zinc cad- 
mium sulphide would be condensed on the disc, 
but nevertheless the zinc cadminm sulphide 
posit on the Pyrex glass must be separately acti- 
vated by heating to the temperature mentioned 
in a separate step. 
We bave found that the atmosphere adjacent 
the condensed material on the Pyrex discs has a 
great deal to do with the production of an ef- 
ficient phosphor by the separate activation step. 
If the surface is activated in atmospheric air, 
an inefficient phosphor results. If, however, the 
oven shown in Fig. 2 is filled with nitrogen in- 
stead of air, a fairly eflïcient phosphor results. 
However, the most efficient phosphor that we 
have been able fo produce is activated in sub- 
stantially its own vapor. The placing of the two 
discs with the phosphor surface adjacent each 
other with a very thin spacing between them 
does not exclude the air in the sense that no ah" 
exists between the plates, but this space is so 
small that when heat is applied it is believed 
that sufficient vapor is produced adjacent the 
film surface to remove the ah" from contact with 
the deposited film and a very efficient phosphor 
results by this form of activation. The phosphor 
during activation is essentialiy in an atmosphere 
of its own vapor. 
By out process we produce directly on the tar- 
get base to be incorporated Lu the cathode ray 
tube a very rhin film hat is u_uiform, non-grainy 
and homogeneous. 
We have also produced zLuc sulphide phosphor, 
as well as zinc selenide phosphor by evaporating 
each of these salts and then separately activat- 
ing them in the way described, but the combina- 
tion of the two makes the best phosphor. This 
may be due fo some effect produced by the suI- 
phoselenide, or it may be due to the mutual flux- 
ing action of the two salts in the activation 
process. 
We claire: 
1. The method of making a phosphor scïeen 
on a plurality of supports from a phosphor com- 
pound formed of a metal from the group consisting 
of zinc and cadminm and mixtures thereof and of 
a non-ruerai from the group consisting of sulfur 
and seleninm and mixtures thereof, said method 
comprising the steps of, arranging said com- 
pound adjacen said supports within a vacuum, 
vaporizing said compound, condensing the vapors 
of said compound to forma coating of the con- 
densate on a surface of said base members, plac- 
ing two coated surfaces of said base members 
face to face and closely adjacent fo each other, 
activating said condensate at atmospheric pres- 
sure by heatin said base me.tuber to a 
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tuxe between 400 ° C. and. 650 ° C., and. separating 
saioE base members from each other to provide a 
support having an outer film of activated phos- 
phor materiat. 
5 2. The method of making a phosphor screen 
from a phosphor compound formed of a metal 
from the group consisting of zinc and cadmium 
and mixtures thereof, and of a non=ruerai from 
the group consisting of sulfur and selenium and 
]0 mixtures thereof, said method comprising the 
steps of, simultaneously vaporizing in a vacuum 
said compound and an activator, condensing the 
vapor of said compound and activator to form a 
coating of the condensates on a surface of a plu= 
]5 raIity of base members, placing two coated sur= 
faces of said base members face=to=face and 
 closely adjacent to each other, activating said 
phosphor compound by heating iaid coated base 
members at atmospheric pressure fo a tempera= 
0 ture between 400 ° C. and 650 ° C., and separating 
said base members from each other fo form a 
support having an outer film of activated phos= 
phor material. 
3. The method of making a phosphor screen 
5 on a pIurality of support members from zinc suI- 
phide and an activator, said method comprising 
steps of, aranging within a vacumn said zinc 
sulphide and said activator adjacent said sup= 
ports, vaporizing said zinc sutphide and said ac- 
0 tivator, condensing the vapors of said zinc sul- 
phide and activator on ai Ieast one smfface of 
each of said support members, placing two coat- 
ed surfaces of said support members face fo face 
and closely adjacent to each other, activating 
5 said zinc sulphide phosphor by heating said base 
members and said condensates to a temperature 
between 400 ° C. and 650 ° C. and substantialIy 
solely in the vapors of said condensates thereof, 
and separating said support members from each 
40 other to provide supports each having an outer 
film of activated phosphor materiaL 
4. The method of making a phosphor screen 
from zinc and cadrnium sulphides and an aci- 
vator, said method comprising the steps of, si- 
muttaneously vaporizing in a vacuum said zinc 
.:'5 and cadmium sulphide and said activator, con- 
densing the vapors of said zinc and cadmium 
sulphides and activator to form a coating of the 
condensates on a surface of a plurality of base 
members, placing two coated surfaces of said 
0 base members face to face and ctosely adjacent 
to each other, heating said two coated base mem« 
bers and the condensates thereon to a tempera- 
ture between 400 ° C. and 650 ° C. substantiatly 
solely in the vapors of said condensates and at 
55 amospheric pressure, and separating said two 
coated base members from each other to form a 
support having an outer film of activated phos- 
phor material. 
JOHN E. RUEDY. 
60 FERD E. WILLIAMS. 
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